The present study gives a trial to enhancement the management of Lake Nasser (LN) sediments and presents a demonstration of the sediments assessment process through focusing mainly on the sedimentological, minerlogical and radiometric characteristics of LN and the adjacent beach sediments.
INTRODUCTION
Since the foundation of High Dam, it is one of the largest man-made fresh water reservoirs in the world named Lake Nasser (LN) that extended 500 km in the N-S until Sudan with average width of about 12 km. It is called Lake Nasser in its Egyptian part (350 km long) and Lake Nubia in the Sudanese part (150 km long) (El Gammal, 2010) . It is located be-94 KANDIL M. KANDIL et al. mum sediments accumulation (Fig. 1) . Lake Nasser dead zone capacity for sediment deposition is reach up to 31 billion m 3 encountered by sediment transported from the upper reaches (Blue and White Niles), beside sand encroachment from the Western and Eastern Deserts. These sediments decrease the reservoir capacity, increase of bed levels at the reservoir entrance and growing of a new delta. Lake Nasser sediments are comprised mainly of clastic material (clay, silt, and sand sizes), organic debris and chemical precipitates. The relative abundance of each depends on the nature of the local drainage basin and the climate. These sediments were not commercially utilized until now and they were considered as naturally fertilizer for agricultural Nile Delta lands during flood seasons before construction of Aswan High Dam.
Therefore, this paper aims to enhancement management of LN by improving the quality of information about its bed sediments through collecting in-shore core samples from the southern Egyptian portion of the lake (to avoid precipitation effect of High Aswan Dam) using detailed sedimentological, mineralogical and spectrometric studies. Also, survey and monitoring sediments sources using off-shore samples from the western and eastern banks of the lake by mineralogical investigations. Furthermore, the study produces reliable estimates of radioactive and economic minerals of the studied sediments.
The lake was faced with many challenges include sediment accumulation due to form a submerged delta in the Sudanese portion (Fig. 2) , bank erosion and failure, sand dunes encroachment, pollution hazard (agriculture, municipal, and industrial) and evaporation losses. A buffer zone of 2 km is established around the LN by Decree 203/2002, where no agricultural, touristic and industrial activities are allowed to take place under law 102/1983 (Zaghloul et al., 2012) .
The internal circulation of LN is controlled by the inflowing Nile River which drains a sediments catchment. Basinal deposits of the lake are fed mainly from river plume dispersion involving overflows, interflows, and underflows, and by pelagic settling (Phillips and Nelson, 1981) . Occasional the fine sand layers in muds of basinal cores attest to density currents or underflows generated during river flooding flowing the length of the lake along a sublacustrine channel marking the position of the now submerged channel of the Nile River. The submerged delta face has been prograding into the lake in the Sudanese part. Two major proximal to distal sub-environments are defined for the lake on the basis of surficial sediment character and dominant depositional process: riverine and lacustrine (El Kobtan, 2007) . The riverine environment represents in the southern part (Sudanese) of the LN and characterized by sand, silty sand, sandy clay silt, clay silt and silty clay sediments, whereas, the lacustrine environment represents north of the borderline N22 o and is characterized by silty clay and clay sediments (El Kobtan, 2007) . Along the northern part of the lacustrine environment, as the suspended sediments rapidly decreased northward, the bottom sediments tended to be fine grained (fine clay). Helfrich, et al. (2009) studied the effect of sediment load on the biological diverse. El Dardir (1984 and 1994) and Iskaros and El Dardir (2010) mentioned that the maximum sedimentation in LN takes place at the south sector. The study area was The studied area is characteristics by continental climate. July and August are the hottest months with average minimum/maximum temperatures of 24 and 39.7°C, respectively. In the coolest months of December and January temperatures fall to minimum/maximum temperatures of 10 and 21.7 °C. Khedr, et al. (2013) studied the meteorology of the western bank of LN, they recorded that the prevailing wind direction is north or northnorthwest. The average humidity varies between 13% in Summer and 34% in Winter. Rainfall is rare, although rain in the Eastern Desert occasionally causes flash flooding in the wadis on the eastern bank of LN and of the River Nile (Zaghloul, et al., 2012) . Sand dunes sedimentation into LN is about 1.5 million m 3 /year. Low soil slopes leads to the difficulty of water access to higher land allocated for agriculture on LN. Fish farming, inside embayments (i.e. in floating cages or concrete ponds) transfers dead or alive algae and industrial feed waste used as nutrients that pollute LN water (Salem, 2013) .
As high loads of excessive sedimentation transported into lake represents a serious threat to the water lake suspended sediments and begin to settle them; fill in the lake basin making the lake more shallow, reduce the amount of surface area, decrease the water volumes and lake storage capacity, reduce water clarity, increase water temperatures, lower dissolved oxygen levels and promote fish kills,
Geomorphological Features
Based on the significant morphological features, the study area can be subdivided into different geomorphological features which has a great effect on the sedimentation and minerals concentration of the area, these are concluded in;
1.The narrow valley of River Nile incises the Precambrian crystalline rocks.
2.Aswan Hills with elevation ranged between 200 -400m (a.s.l.) .
3.Lake Nasser (LN); it represents the High Dam reservoir.
4.Embayments (Khors) constitute more than 70% of length of LN shoreline. Khors have considerable effect in evaporation process of LN (El Kobtan, 2007) . Their great number in the eastern side of the lake indicates well preservation of drainages coming from Red Sea Mountain, while they are masked by aeolian sand deposits in the western side of the lake (Khedr et al., 2013) . 5.Nubia Plain represents an ancient erosional surface defined by Butzer and Hansen (1968) . The Nubia Group forms the oldest sedimentary unit in the Nubia Plain that lies over older Paleozoic sediments (Khedr et al., 6.Border High Land is dominating in the southeastern part of the study area extended to Sudan and composed of sedimentary rocks with elevation reach to 500 m (a.s.l.).
7.Dunes and sand sheets transported and deposited by the prevailing winds in Egypt blow from the NW to the SE (Khedr et al., 2008 and Abd El Aziz, 2012 ) and Sara East (2.5 km 2 ).
Geologic Setting
The studied area dominated by a sedimentary succession ranging in age from the Post Cambrian to Holocene, with inliers of igneous and metamorphic rocks belonging to the PreCambrian basement complex and Tertiary basalts. The distribution of the stratigraphic units are shown in (Fig. 3) . Geology of the study area has been described by several authors, among them Shatta (1962) ; I s sawi (1968 , 1971 and 1978 El Shazly, et al. (1977) ; Entz (1980) ; Said (1981 Said ( , 1990 Said ( and 1993 Abou Elmagd (2003) and Khedr, et al. (2010 and 2013) . The stratigraphic sequence in southern Egypt has classified into three-fold verticalgroups; from base upwards these are, the Pre Late-Jurassic "Infra-Nubia Group", the Late Jurassic-Maastrichtian "Nubia Group" a n d the Maastrichtian-Paleocene to Recent "UltraNubia Group" (Khedr et al., 2013) . Structurally, Issawi (1968 and 1978) mentioned that the LN area is characterized by three main features. The most important one is faulting. The largest of which are Kalabsha and Seiyal faults, trending mainly E-W trend. Faults in the N-S trend are also predominant. Two other systems of subordinate faults, the NW-SE and the NE-SW also exist. The area is affected by up-arching due to uplifting of basement rocks. Folding is less common structure in the study area. Small domes and several basins were created according to the up-arching of the basement.
METHODOLOGY Sampling
The present work deals with 10 dredged (on-shore) core samples of LN deposits from selected localities starting from Km 170 to 350 at High Dam (Fig. 4) . Also, twenty corresponded beach core (off-shore) samples (E1-E10 and W1-W10) were collected from both banks of the lake (Table 1 ). The dredged sam- Fig. 3 : Geologic map of Lake Nasser and surrounding rocks (Modified after, Khedr et al., 2013) 97 MINERALOGICAL AND RADIOACTIVE STUDIES FOR ples were sun dried. The beach samples were obtained by dug boreholes with a diameter of 10 cm and 50 cm depth after stripping off the surface windblown sand layer. The samples were subjected to preparation procedures in the Nuclear Materials Authority Labs. at Qattamiya and Anshas. The representative core samples were obtained using a rotary Jones Riffle splitter (Fig. 5 ).
Sedimentation and Grain Size Analysis
In order to have an idea about sedimentological facies of the studied samples, they were subjected to mechanical analysis. About 100g for each representative sample were subjected to dry sieving using standard screens with aperture diameter of 1000, 500, 250, 125, 63 and 40µm.
Mineralogical Investigations
The studied samples were subjected to separation of the economic minerals by physical gravity method using a full size Wilfley wet shaking table after sieve excluding the over size (1000 µm), the organic matter and shell fragments. Then, the weight of rejected tailings was calculated and also, some characteristic statistics have calculated.
The obtained heavy fractions were subjected to magnetic fractionation using a Car- (L = Lake Nasser, E = eastern bank, W = western bank, a.s.l. = above sea level and HAD = High Aswan Dam). pco MLT 13/111/5 lift type magnetic separator. The used current values were; magnetic 0.07A, 0.8A, 1.0A, 2A and non-magnetic 2A fractions. Each of the obtained magnetic fractions was quartered to obtain small representative samples. Each representative sample was weighed and spreaded on a glass plate for binocular microscopic identification. About 500 grains were counted at different random fields covering the whole glass plate to calculate the frequency of the constituent minerals. The weight percent of each mineral in every subfraction is calculated according to Strakhov, et al. (1957) . Some picked grains were measured using X-ray diffraction unit Philips PW-3710 with generator PW-1830, Cu target tube and Ni filter at 40 kV and 30 mA.
Radiometric Measurements
Thirty samples were measured for eU, eTh and K% using multichannel analyzer of γ-ray detector (γ-spectrometer technique). U and Th are measured by using two energy regions representing 234 Th and 214 Pb isotopes at 93 keV and 238 keV for eU and eTh, respectively.
RESULTS AND DISCUSSION

Sedimentation and Grain Size Analysis
The weight of raw samples is listed in Table (1) . The grain size analysis of the studied samples showed that the grain size varying from the very coarse sand size to the clay sizes (Table 2 ). Figure (6) illustrates the lateral variation in the grain size categories of the LN bed sediments. According to grain size analysis of the studied sediments, it can divide into different sectors ( Table 2) . The grain size analysis in the offshore sediments of LN revealed that the studied sediments are mainly consisted of sandy silty clay (100%). This is a reflection of decreasing in the following current competency, but some samples The silt and clay fractions constitute the main size of the offshore sediments that are ranged between 20.16-43.43% and 48.99-76.07% , respectively. While, the sediments of LN eastern bank were characterized by their abundance of sand facies (60%) followed by silt (30%) and rarely clay (10%). Sand contents were found in high fraction (47.62 and 69.70%) while clay and silt alternating to form low percents. On the other hand, western bank sediments were dominated by sand facies (100%), sand contents were ranged between 63.54 and 83.35%. In the southern part of Lake Nasser, with both banks of the outer lake, the sand deposit facies is the dominant fraction especially in the littoral zone. While the silty-clay and clayey sands sediments are the dominant which occupy the central offshore sediment facies extend into the 10-20 m deep inner shelf which are agreement with dominance of low-energy processes.
The present study showed that the distribution of grain size is controlled by depth of sediments (Tables 1 & 2) where the clay size increased with depth while the silt and sand fractions decreased in the same trend. The prevailing winds in Egypt blow from NW to SE. This wind direction seams to form the prominent NW-SE trend of megadune belts in Egypt. The dominant NW trade wind travelling over the northern part of the Western Desert of Egypt arrives at the eastern bank. The provenance of the blown sand into LN in the southern part of Egypt seems to have a close relationship with the great sand seas and dune sands of the Western Desert (Khedr, et al., 2013) .
Class
Water drains into Lake Nasser carrying much of the suspended sediments being transported by river and streams (khors) of the LN basin. Current and wave action along the shoreline is responsible for additional erosion and sediment deposition, and some materials mainly sands may be introduced as a result of wind action. Because dynamic processes that keep materials suspended are generally more active near the shore, lake sediments are usually sorted by size. The very coarse sands occur near shore, but the finer sands, silts and clay are in most cases found offshore. The morphometry of size and shape with depth relationships of LN together with climatic, soils and geology factors play a major role in determining the sediments accumulation and water quality of LN. The morphology of LN is tree-like shape; this provides an extensive amount of beach that is desirable for recreational lake developments and a highly irregular shoreline margin account for a relatively high shoreline development index.
The studied sediment have physicochemical specification where clays exist in a variety of colours, black clays containing large concentrations of organic matter or sulfides and other clays usually containing high concentrations of calcium carbonate. Also clays of the studied samples show other colours, including red and green reflecting particular chemical and biological influences
Mineralogical Investigations
Heavy minerals have been used in sedimentological studies in order to determine the source areas and conditions of erosional grain. They provide useful information about sediment transport trends and longshore drift processes (Hoffman et al., 1999) . The content of heavy minerals in modern sediments of LN and the adjacent beach deposits were identified. Their nature and distribution were found to be controlled by the grain size, the petrographic nature of the source areas and the hydrodynamic behaviour of the mineral grains. The heavy minerals are resistant to mechanical and chemical alteration processes; consequently, they are useful as natural tracers, so much for their hydrodynamic behaviour and their potential of preservation (Morton, 1985) . The concentration and distribution of heavy minerals in LN sediments is mainly controlled by the rate and the source type of sediment supply, the hydraulic processes, as well as by the grain size and the specific weight (Ergin et al., 2007) . Another factor controlling the distribution of the heavy mineral content is their mode of erosion, transport and sedimentation, due to their selective resistance to weathering and hydrodynamic processes (Frihy and Dewidar, 2003) . The nature of heavy minerals identified in modern sediments of the LN and the adjacent beachs was found to be related to the petrographic nature of the source areas and to the conditions of erosion-transport-deposition undergone by the mineral grains.
The results of the mineralogical analysis (Table 3) show that the content of the examined economic minerals present in the heavy fraction are ranges between 0.61% and 1.22% for LN samples and 1.40% and 1.73% for the eastern bank samples, where the western bank samples are varies from 1.30% to 1.73%. The economic heavy minerals content of the studied sediments (Table  3) Table 3 : Heavy fraction (%) and its constituents of the studied samples The recorded metastable minerals in the examined samples are pyroxenes and amphiboles that represented by rest of heavies (%) in Table ( 3). On the other hand, recorded ultrastable minerals representing by economic heavies (%). The relationship between ultrastable and metastable minerals permitted to distinguish sedimentary environments of variable degree of reworking and maturity. The ratios amongst ultrastable and metastable heavy minerals and heavy mineral varieties in different zones of the study area and their distribution patterns are used in order to recognize their nature and behaviour in the environment, source areas and transport agents, as well as their relationship with granulometric and hydrodynamic characteristics (Morton and Hallsworth, 1994) . The present study showed low ultrastable (Ult)/metastable (Met) ratio for the offshore minerals (1.5%) indicating a less significant degree of sedi-1.00% of LN samples and 0.16% and 0.87% of eastern bank samples, where the western bank samples showed 0.16% and 0.87%. The lateral distribution of the different heavy minerals is shown in Table ( 3) and Figs. (15&16) , beside the iron minerals (ilmenite, leucoxene and magnetite), zircon and garnet are the predominant minerals found in the eastern and western beach samples. At the beach samples the ilmenite exposed by leucoxenization process (dissolve of iron and enriched of titanium). On the other hand, the offshore sediment samples of LN characterized by occurrence of metastable minerals with fine grains of monazite. Figure (15&16) showed that heavy mineral contents of LN sediments are lower than that of the both banks. This is may be attributed to the fine grain size of LN sediments comparison to both banks and/or effect of wind precipitation on both banks from the adjacent rock units. LN. These sediments are characterized by low degree of maturity. Another possible source of supplies is related to the material eroded from exposed coastal cliffs and beaches.
Radiometric Analysis
Natural radioactivity levels for the southern part of LN bottom sediments and surrounding rocks have been measured using γ-spectroscopy system (Table 4 and Fig. 17) . The results show that their eU, eTh and K (%) are weak level. The inner samples of LN sediment showed higher radiometric values relative to the beach samples. The maximum content for eU, eTh and K are 3 ppm, 8 ppm and 2.54%, respectively. The maximum radiometric measurements of the eastern beach samples showed maximum values of 5 ppm, 5 ppm and 2.19% for eU, eTh and K (%), where the western beach samples showed 4 ppm, 5 ment maturity, where their occurrence may be related to the proximity of the mother rock or a high sedimentation rate that would prevent from significant alteration (Blatt et al., 1980) . On the other hand the adjacent beaches showed relative high (Ult)/(Met) minerals ratio (3.0-3.5%), as a result of the predominance of sandy and sandy-muddy deposits in beach areas indicating the mineralogical maturity of these deposits.
Regarding the origin of heavy minerals, it suggests several sources; the Nile River which supplies mainly reworked rocks and very mature sediments coming from the erosion of upstream mountainous rocks. On the other hand, the drainage and the wind provide eroded sediment from exposed different sources (sandstone, sand accumulations, igneous and metamorphic rocks) which occurred at the eastern and western sides of the Table 4 : Spectrometric measurements of the studied samples. Fig. 17 : Lateral distribution of the radioactivity of the studied sediments ppm and 2.56%, respectively. These radioactivities are may be attributed to the occurrence of monazite and some metamict zircon in the LN sediments. Figures (18&19) illustrated the lateral distribution of both monazite and zircon in LN and its banks. It is clear that most of LN samples show zircon content lower than that of the adjacent banks except some samples. On the other hand, monazite content was much higher in LN bottom samples in comparison to the adjacent banks.
Lake sediments Management
Lake Nasser is increasingly threatened as a result of increased population growth, intensified use of surface waters, exploitation of shoreline properties, and other human pressures. Soil sediments entering a lake can originate from within the lake itself and from external sources.
The purpose of a lake management survey is to determine hydrographic and morphometric features of the lake watershed with refer to sediment accumulation rate and their effect on the water-quality parameters. One of the most fundamental objectives of inland lake management is land-use practices, which prevent soil erosion and limit the input of both sediments (sedimentation) and nutrients. Within the lake basin, erosion caused by excavation and deforestation on steep shoreline slopes and wave action cause shoreline erosion, furnishing sediments to be transported and deposited elsewhere in the lake.
Sedimentation makes the lakes shallower, decreasing the volume of water and reducing the amount of surface water available for recreation. Also, sedimentation, promotes water loss and higher evaporation rates, depreciates riparian property values, increases water temperature, depletes oxygen supplies and causes fish kills.
The proposed solution for lake sedimentation problems is to prevent eroded soil particles from entering a lake in the first place. "Preventative" solutions are much easier, more efficient and a lot less costly than "restorative" solutions used to remove sediments after they have reached the lake waters. Dredging, the physical removal of bed lake sediments is the most common method used to deal with excessive deposition of eroded soils and organic matter. Mechanical dredgers can be pumping mud through artificial channels in both banks of the lake. The transported mud increases the fertility of the land and makes it become more suitable for the agriculture projects. This process will be used to stop sand dunes progression in the western bank and used as natural fertilizer of agricultural area.
CONCLUSIONS
The heavy minerals investigation showed that the most important economic minerals present in the heavy fraction are ranged between 0.61% and 1.22% for LN bottom samples and between 1.40% and 1.73% for the eastern bank samples, where the western bank samples are ranged between 1.30% and 1.73%. These values are not considered economically feasible. The radiometric measurement of the bottom samples showed higher radiometric measurement relative to the beach samples. This may be attributed to the occur-rence of monazite and some metamict zircon in the LN sediments. The proposed solution for lake sedimentation problems is to prevent eroded particles from entering the lake in the first place by mechanical dredgers. Utilization of economic minerals occurrence in LN can be facilitated by pumping sediments through artificial channels into the lake banks as natural fertilizer of the reclaimed land. This process also stops sand dunes progression especially in the western bank.
